6-mercaptopurine on Lactobacillus casei (Elion, Singer, and Hitchings, 1954) and on Streptococcus faecalU (Hutchison, 1954) indicated that investigations of potential cancer chemotherapeutic agents with microorganisms are highly desirable, and constitute a useful system for primary screening.
The ascomycete, Neurospora, seems to offer a good test system for screening because it grows fast and requires only inorganic salts, a carbon source, and a trace of biotin for growth, which can be easily measured by its dry mycelial weight. Since organic substances are not essential in the medium of Neurospora, their effects on the action of analogues in question can be eliminated whereas in Lactobacillus and Streptococcus, which require more complex media for growth, the problem is actually more complicated. Furthermore, Neurospora has been used extensively in genetic studies, and a large number of 1 The authors wish to express their gratitude to Dr. Roland K. Robins and Dr. C. C. Cheng, both of the Department of Chemistry, New Mexico Highland University, for their kindness in supplying the 4-APP group of compounds. Thanks are also due to Miss Oleta Klatt for performing in vivo experiments with 4-APP and its derivatives on mouse tumors. biochemical mutants are available for investigations of enzymes and precursors involved in the metabolism of purines and pyrimidines. Fukuhara and Visser (1951) , Roberts and Visser (1952) , and Visser, Barron and Beltz (1952) found inhibition effects of derivatives of uridine and cytidine on a Neurospora mutant which required uracil, uridine, or cytidine for growth. Inhibition of a wild type strain of Neurospora by the addition of 5-hydroxyuridine or 5-aminouridine to the medium was also reported. Drell (1951) found a similar response to 2,6-diinopurine in adenineless mutants.
The nomenclature of adenine, a purine, and its analogue 4-aminopyrazolo(3,4-d)pyrimidine, has been discussed in detail by Robins (1956) . Formulas of these two compounds are again shown below in order to present the differences between the two number systems. The strains of Neurospora crassa used in this investigation were wild type Em6266A, wild type EmS297a, the thiamineless mutant 18568A, methionineless 36104a and adenineless-purple pigment TS4A. Twenty-five derivatives of 4-aminopyrazolo(3 ,4-d)pyrimidine and related compounds were available at the time of study; all were tested.
Except where otherwise stated, growth of Neurospora was measured as dry mycelial weight after 65 hr incubation at 25 C in 25 ml of the usual Fries medium 3 (minimal), appropriately supplemented, in 125-ml Erlenmeyer flasks. This medium was the same as that used by Beadle and Tatum (1945) Em5256A grown for 48 hr on 0.1 to 0.8 mx 4-APP showed a rapid drop in weight between 0 and 0.2 mm of 4-APP. 'Growth after 96 hr resulted in less marked but still significant inhibition, while after 120 hrs effects seem to havebeen overcome. As a consequence of these time studies, further testing was carried out at half-maximumgrowth of the organisms, which was equivalent to an incubation time of 65 hr at 25 C.
It seemed pertinent to test those adenine antagonists on Neurospora which had been shown to be toxic in other testing systems, such as 6-mercaptopurine and 2 ,6-diaminopurine (Elion, Singer and Hitchings, 1953; Setterfield and Duncan, 1955) . 
and the slower but steady toxicity of 2,6-di(diethylamino)purine. The results of the addition of 0.2 mm 4-aminopyrazolo(3 ,4-d)pyrimidine to various concentrations of 2,6-di(diethylamino)purine is represented by the dotted line on the graph, which runs parallel to the inhibition curve produced by 2,6-di(diethylamino)purine, exerted some relieving effect on 0.2 mm 4-APP inhibition, even though 2 ,6-di(diethylamino)purine is a strong inhibitor itself. The distance of the relief is indicated on the graph, by the arrows. On the other hand, the same curve indicates that addition of 4-aminopyrazolo(3 ,4-d)pyrimidine increases the toxicity of 2,6-di(diethylamino)-purine.
A series of 4-APP derivatives was analyzed in order to determine whether they would cause inhibition, or relieve the inhibition caused by 4-APP. Two derivatives of 4-APP were found to inhibit growyth of Em5856A, although to a lesser degree than 4-APP. Figure 3 shows the effect of these two agents, 3-methyl-4-APP (code number 0-27) and 4-dimethylamino-6-methyl-1-(p-methylphenyl)pyrazolo(3,4-d)pyrimine (code number N-17), compared with that of 4-APP and 6-mercaptopurine. Inhibition of Neurospora by 6-MP has not previously been reported in literature. Figure 3 indicates clearly that the 4-APP group seems to be a more effective growth inhibitor than 6-MP in this organism. The Hitchings and Elion (1954) mentioned that 6-mercaptopurine gave a negative result in the first trial of their studies. Whether their results and our data on the inconsstency of 6-MP effect were due to different samples of the agent remains to be investigated.
Among the three compounds in the 4-APP family that showed inhibition of growth in Neurospora, 3-methyl4-APP was the least effective and 4-aminopyrazolo(3,4-d)pyrimidine the most. Compound 4-dimethylamino-6-methyl-1 -(p-methylphenyl)pyrazolo(3,4 -d)pyrimidine (N-17) showed a unique effect. Results of eleven experiments with the last compound consistently showed that when the dose of N-17 was low, the inhibition effect was relatively pronounced; but when the dose was increased more growth of the organism was noted. Therefore, the dose-growth curve went down at first and turned upwards when the concentrations were higher than 0.2 mM.2 Table 2 gives a list of chemical substances that were found to partially relieve the effect of 0.2 mm concentration of 4-APP. It is of interest to note the similarity between the chemical structure of some of these relieving agents and the inhibitor.
The 6-methyl derivatives of 4-APP were found to be active antagonists of 4-APP. Alterations in the 4-amino radical also produced effective compounds, four of which are listed in table 2. Another relieving compound, not being mentioned in table 2, was 4-methylaminopyrazolo-(3,4-)pyrimidine. It is not included in the table because pertinent data about its effect were obtained from another set of experiments.
' Some new compounds of the 4-APP group related to N-17, sent to us by Dr. Robins, seem also to demonstrate growth inhibition of Neurospora. They are being investigated and will be reported later.
Adenine would, of course, be expected to give relief of the inhibition, as would adenylic acid and hypoxanthine. However, adenylic acid (adenosine 3 phosphoric acid) and hypoxanthine appeared to be promising only in early tests, thus needing extensive further investigation; but adenine did show relief of 4-APP toxicity consistently. Figure  4 illustrates the relieving action of adenine sulfate at several levels of 4-APP concentration. The top curve shows a slight stimulation of growth due to adenine sulfate alone. Mathematical analysis of the data presented in figure 4 indicates that the reversal of 4-APP inhibition does not seem to be a competitive effect.
Besides adenine and some derivatives of 4- (Biesele, 1954; Stock, 1954 Skipper (1954) found that 6-mercaptopurine + purine is synergistic with regard to inhibition by L. casei, but the combination of 6-mercaptopurine + 2,6-diaminopurine is mutually antagonistic. His findings support the previous contention.
Since thiamine, pyridoxine, and pyridoxanine also partially relieve the damage produced by 4 aminopyrazolo(3,4-d)pyrimidine, it seems that the latter may interfere with thiamine metabolism. Whether the effect of 6-methyl4-APP, which reverses some of the 4-APP inhibition, is due to its resemblance in structure to that of thiamine is not known. Tentatively, the conclusion seems to be valid that the derivatives which counteract the effect of 4-APP bear side groups in either the 6th or the 4th position. Caffeine may be considered to fit this scheme.
Compounds in the 4-APP family that showed inhibition of growth in Neurospora bear side groups at the 3 and 1 positions. Other compounds neither inhibit growth nor relieve the 4-APP inhibition.
The fact that adenosine, adenylic acid (adenosine 3 phosphoric acid), hypoxanthine, xanthine, ATP and others failed to relieve 4-APP inhibition, presents very little evidence for postulating the metabolic pathway affected by 4-APP. Recent findings of DNA and RNA relief complicate the problem even further. It is not yet certain whether this effect may not be due to some free adenine in these preparations. This contention was, however, not supported by chromatographic analyses of samples of these nucleic acids.
SUMMARY
Neurospora has been shown to be a useful assay organism for the screening of potential chemotherapeutic agents. In this article, the effect of some thirty compounds, mostly in the 4 -aminopyrazolo(3,4 -d)pyrimidine (4 -APP) group, were studied. 4-Aminopyrazolo(3,4-d)pyrimidine inhibited the growth of all strains of Neurospora that were tested.
Five 4-APP derivatives were also found to be active inhibitors. This inhibition can be partially overcome by some derivatives of 4-aminopyrazolo(3,4-d)pyrimidine or by a series of structurally related compounds. These compounds include adenine, thiamine, caffeine, and some vitamins that are linked with thiamine metabolism, namely, pyridoxine and pyridoxamine.
